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Appendix F

Process Flow Diagrams

Note: Larger format (11" x 17”) versions of these Process Flow Diagrams are available upon request from
Kelly |bsen@nrel.gov
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WATER LOSS
TO ATMCSPHERE
—_— S-103
Q £
M-103 c-104 W
N-106 A D
c-1D1 c-102
| & V108 & M—202
M—104  P_101 A201 >
70 PREHYDROLYSIS
': EYMER FEED SYSTEM
S-1D1
G < L
T-102
P51
EVAPORATOR CUONDENSATE —— W
s
-10 —_—
— P-103
P-102
TQ QFF-SNE
COMPONENT UNTS| 101 102 103 104 105 107 Work Stream No. kw \Work Stream No. kw |
Total Flow kghr | 98039 | 43017 | 11,400 | 1,00¢ | 128676 | 28 WCI10L 55.93] |WP102 74.09]
Insoluble Solids % 774% 0.0% 0.0% 0.0% | 59.0% 0.0% 'WC102 11.18] |WP103 2.94]
Soluble Solids % 7.6% 0.1% 0.1% 0.1% 5.8% 0.0% 'WC103 2.80] |WP104 37.05]
I_PG_TEm ratre C 20 74 74 4 4 2 WC104 T1.18] |WP105 T.19
Pressure atm 1.00 3.0C 100 1.00 1.00 100 WNVIL04 8300 WS101 559
Vapor Fraction 000 | 000 [ 000 | 000 | 000 | 000 WO TI1856 T W3102 719l
Elhanp g R 5 L 2 WM107 75.00]_[WS103 0.00
Water ka/hr | 14,706 | 42,546 | 11,275 97C 45,007 . -
Glucose (58] kgfhr WP101 37.06
Xylose (SS) ka/hr 0 0 0 0 Eq. No.|Equipment Name eq| Spare Eqummem Type Mat Const.
Arabinose (SS) kg/hr 0 C-101 |Bale Transport Conveyor 2 BELT CS
Other Sugars (SS) kg/hr C-102 |Bale Unwrapping Conveyor 2 BELT CS
Cellobiose (SS) kg/hr C-103 |Belt Press Discharge Conveyor 1 BELT CS
Glucose Oligomers (SS) kghr C-104 |Shredder Feed Conveyor 4 BELT CS
Xylose Oligomers (SS) | kag/hr 0 0 0 0 M-101 |Truck Scales 2 ' TRUCK-SCALE CONCRETE
Other Oligomers (SS) kg/hr M-102 | Truck Unloading ForkIif 4 T|LOADER
Com Steep Liquor (SS) kg/hr 58 15 1 41 M-103 |Bale Moving Forkliff 4 LOADER
Others (Soluble Solids) _{kg/hr | _7.417 7417 M-104 |Corn Stover Wash Table 2 A283
Acetic Acid kahr 325 86 7 232 M-105 [Shredder 7 ALLOY STEEL
Sulfuric Acid kg/hr 0 0 0 0 M-106 |Concrete Feedstock-Storage Slab | 1 CONCRETE-SLAB | CONCRETE
A8 (k] L ] M-107 |Polymer Feed System 1 MISCELLANEOUS _|CS
’ 2 9 5 P-101_|Wash Table Pump 2| 1/CENTRIFUGAL | CSRUBBER
P-102 |Wash Water Pump 2 1|CENTRIFUGAL CS; SS316
P-103 _|Clarifier Underflow Pump 1 1[RECIPROCATING CS;RUBBER
P-104 | Clarified Water Pump 1 1]CENTRIFUGAL CS; SS316
> 5 =5 T % P-105_|Belt Press Sump Pump. T T[SLURRY CS
31,187 S-101 _|Clarifier Thickener 1 | CS
17'570 S-102_|Belt Press 1 |FILTER-PRESS 304SS; FILTER
2,435 S-103_|Magnetic Separator 1 IAGNET
2919 T-101 |Wash Water Tank 1 IVERTICAL-VESSEL [CS
T-102 | Clarifier Thickener Tank 1 |CLARIFER CEMENT
Ll L] L] NATIONAL RENEVABLE
ENERBY LABORATORY
15,002 rm% 0 Ni=l
I Dantar For Fusis Asd
It CTION A10D
Others (Insoluble Solids) kq/hr 6,804 6,804
Enthalpy Flow (millions] Kealfhi] -170.1 | -160.0 424 -38 -284.0 -0.1 CURN SI-OVER FEED HANDLINB
Average Densi gl 14709 | 09442 | 0.9443 [ 0.9443 | 13433 | 09983 102031.xls | PFD—P110-A101




M-105

®

> A1
FROM FEED HANDLING
M-&11 &> H-512
802 &>
2 = ASO1 >
LP STEAM 0 O
(] TD DISTILLATKON
& B2
P-514 (| @ S—B8aD
=
> M) S\
EVAPORATOR CONDENSATE VENT A 701 - iy
s
~ QgHzma
=201 M-202
1-224 oz >
SULFURIC ACID &P
FROM STDRAGE T-203
SULFURIC ACID ’JEL
m @ T-2D5
1 = s B AZ02 >
M-811 & :[HEIH: c-201 To §/L SEP
> w2
HP STEAM
P-306 @
> a2
FROM FERMENTATKON
T05 71T pavy 717 715 716 717 718 720 733 50T 502 50| 5208 [ 710 MeatSteam No- B Work Stream N
BTN RN R B A R el R R R R R R R ] i B CRig o oo wemr —— \W’ 53
500% | 0.0% | 00% | 00% | 0.0% | 00% | 172% | 00% | 213% | 00% | 50% | 5.0% | 00% | 00% | 00% Q2016 I 231 [WM20 T 59950
SB% | 0% | 00% | 01% | 00% | O00% | 126% | 0% | 158% | 00% B% | 3.6% | 01% | 01% | 00% QH244 I 3.64] [WP201 | 11
75 7% 20 74 164 268 190 101 101 20 95 a1 30 100 20
100 | 300 | 340 | 400 | 442 | 1300 | 1205 | 1.00 100 | 340 | 400 | 090 | 1.00 100 1.00
0.00 | 000 | 000 | 000 | 1.00 100 | 000 | 100 | 000 | 0.0 000 | 0.00 | 0.0 000 | 0.00
7 T T o3 7. 20 285 | 2285 | 7. 7.
75,007 | 98,256 98,256 | T1.507 | 37,234 | 189218 | 52,244 | 136974 374828 | 374828 | 52,004 | 52004
7276 7475 B2 T2
T 0 0 17,960 0 T7.969 09 09 T 0
ATabinose (55 Ko 0 0 490 0 2,490 17 217 0 0
Other Sugars (SS) kg/hr 2919 2,919 254 254
Cellobiose (SS) kg/hr 230 230 360 360
Glucose Oligomers (SS) — [kg/hr 291 291 1,853 1,853
fGOmers omr T 0 0 SO0 0 500 [ [ T 0
lgomers T 750 750 TGO | 960
om Steep Liquor T T 33 T33 77 78 126 TZ50 | 1450 78 78
Others (Soluble Sods)  Kginr | 7,217 aT7 TALT O581 | 0,581
Acetic Acid kghr | 232 751 751 3426 | 268 | 3158 5258 | 5258 | 268 268
Sulfuric Acid kg/hr 0 0 2,104 | 2,104 2,104 0 2,104 1185 154 154 0 0 3,288
kg/hr 34 111 111 727 449 278 576 576 449 449
Ra/mr 5 T 17 T 70 23 0 90 70 70
kﬂh—; 20 20 Eq. No.| Equipment Name Rea| Spare| Equipment Type Mat Const.
- T T A-201 |In-line Sulfuric Acid Mixer 1 SS304
3 T T C-201 [Hydrolyzate Screw Conveyor 1 SCREW SS316
H-201 | Beer Column Feed Economizer 2 1JSHELL-TUBE 304SS
X 2 e e —Taries
ol S I : 311187 L 4 28?-367 0 28267 ‘1‘%22 ‘Iggg 0 0 H-244 | Waste Vapor Condensor 2 1] SHELL-TUBE 304!
Xyl (15) ko | 17,570 239 239 239 239 M-202 Prehy}irol\(s\s/Screw Feeder/React] 3 VESSEL W/ PADDLHALLOY 825-CL.
[Arabnan 1) (ST 75 oT T oT BT P-201 | Sulfuric Acid Pump 1 1] CENTRIFUGAL SS304
o Stear P (ST kg |—20T0 s T - - T-201 | Sulfuric Acid Tank T VERTICAL-VESSEL |PLASTIC
[Celtlase (15) KT 50 | 650 T-203 [Blowdown Tank 1 VERTICAL-VESSEL [SS316
0 0
\CH| sCSDIPTION WIT
Ma SRR
15,002 14251 14,251 14252 | 14,252 OFSEN EEPONT 3,
78 78 Dantar For Fusis Asd
5B 750 7520 7520 [ 4520 EE(E:EYODNRGAEY%?S
2840 | 3695 | 41 | 3736 | 362 | 115 | B090 | 166t | 6422 | 23 | 14888 | -I510.C | 1986 | -195.0 | ©4
3937 | 0077 | TBIG5 | 09789 | 010022 | U063 | 00973 | 00006 | TT246 | TBI66 | 00585 | 00570 | U903 | 09195 | TET66 bes  0203ds | PFD-F11D-AZ01 | B
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A203
FROM OVERLIMNG @ om
T—pa2 @ f\(
> M N B
éé _ TO CONBUSTKON
. o H-208 AR COMPRESSOR
aHAS
5-205 5-600
t & D
TO WWT
P-530 @
[;_ m
—_— A-232
> A58 _
RECYCLE WATER
C-201
FROM BLOWDOWN TANK T2
TO SACCHARFICATION
F-224
OR
& & e
P—205 P—211 200 TO OVERLIMING
weaDs VP2l @ o
Cenm)
COVPORENT ONTS i) 220 750 752 753 755 756 759 760 76T 762 Heat Stream No. TMM Kcallhr Work Stream No W
Tow Kgr | 207,006 | 225,713 | 728,764 | 130013 | 76,182 | 87,456 | 130,199 | 4,687 | 5,094 | 4,894 00 QH200 2.44] _|WC202 26.76)
TSoluble Solds i 0% | 2L3% TI2% | 02% | 02% | SA9% | 00% | 00% | 00% | O0% | O00% QH205 0.13] _[WP205 59
Soluble Solids % 7% | 156% 9.0% | L7% | 17% | 2.7% | 5% | 00% | 00% | 00% | 00% WP211 14,27
Temperaiure c 6 101 5T 6 a6 50 55 ) 50 38 38 23 1.34)
Pressure atm 100 100 T00 | 100 | 100 | 1.00 100 051 100 100 100 WP224 83.85
[apor Fracton 000|000 00000 | 000 [ 000 | 000 | T00 | T00 | T00 | 000 WS5205 96.02
ST TR i ) 77 T8 O T T T T T AP 13 5%
[Water Ko 200,456 | 136,074 [ 33BIL [ 126,722 | 73,744 | 36.755 | 110015 vy 205 T
Ucose KR | 10 | 2425 | 737 7 7 63 |
[Xylose (S3) K/ 10| 17,969 18087 | 132 77| 1204 | 2910
Arabinose (S5) kgfr | 50 | 2,490 2528 32 18 167 a7
Ofher Sugars (SS) kgfr | 50 | 2,910 2,962 37 22 196 88
elobiose KT | 230 T2 57 3T 15 T8
Glucose ONGomers (o) ka/hr 427 201 716 /0 157 20 315
ose Oligomers T 29 00 (%] ez TS =z T7T
igomers (S r [ 228 750 %9 1 82 0 27 Eq. No.| Equipment Name Req[Spare|Equipment Type [ Mat Const.
Comn Steep Liquor (SS) r 145 126 270 o1 53 8 111 0 0 0 - -
A-205 | Hydrolyzate Mix Tank Agitator 1 FIXED-PROP SS
[Others (Soluble Solids) kgt | 2,209 | 7417 9581 | 1397 | 813 797 | 2543 55 —Y—Y—R . o tCI— 0 FREDPROP 2=
Acetic Acd Komr | 1341 | 3158 | 2. 3 TAT7 et 793 210 T.336 T T T - eslurrying Tank Agitator
o AT 32T T . o7 - T ST S T T C-202_|Hydrolysate Washed Solids Belt CJ__1T BELT CS
[Forural Ko/r | 301 778 717 778 575 750 575 190 TIT 7 733 T 0 H-200 |Hydrolyzate Cooler 1 SHELL-TUBE 304SS,CS
[T Kahr a7 3 Kz 70 0 0 0 30 17 36 T T 0 H-205_[Pneumapress Vent Condensor 1 SHELL-TUBE CS
Carbon Dioxide ka/hr 29 18 29 19 29 9 11 9 P-205 | Pneumapress Feed Pump 2 1| CENTRIFUGAL SS316
| Viethane Kg/hr P-211 | Primary Filtrate Pump 1 1| CENTRIFUGAL SS316
[Oxygen %}r 0 T T T T T 0 Y T L I 2 0 P-213 |Wash Filtrate Pump 1 1| CENTRIFUGAL SS316
Nitrogen g/nr 0 Y U U U U 0 0 Y , 0, 3,70 3,70 0 P-224 |Saccharification Feed Pump 2 1|ROTARY-LOBE 304SS
Others Rghr_| 057 5 L B0 | 957 T 807 | 057 802 | 350 T 50 T T 0 S205 | Preumapress Fter 3 PNEUMAPRESS __[SS316
[Caliose (] RN [ 7 [BE6r [ 143 | T | 28437 143 | 28A37] 4 3 [28A% T-205 [Hydrolyzate Mixing Tank T FLAT-BTM-STORAC]SS304
Xyan (1S) kg/hr 2 439 2 0 439 439 1 1 438 T-211 | Primary Filtrate Tank 1 VERTICAL-VESSEL |SS316
g@g‘r"sasg('af)%'ymers - g’; g % g g % g % g g % T213 [Wash Flrate Tank T VERTICALVESSEL |S5316
o 15T o s o T T - o T-232 | Slurrying Tank 1 FLAT-BTM-STORAJ S5304
Ko/hr 0 0 0 0 0 0 [ae o] 1] NATISNAL REN EMABLE
| 1% 3% T [ B | 50 | 8 [3/iz ] IN@=1_  ENERCY LABORATORY
3 71 14251 7T 0 14,052 71 14,052 75 26 14,225 = CENEN_scrORT p/2/m | For et
r 0 pi 28 28 0 0 0 gy Cerrler For Fusha
kg SECTION A20C
i 73 7520 73 T 7520 g TS g 7512 SOUD—UQUID SEPARATION
[Enthalpy Flow (milions) _[Kealln] 5472 | 4258 | 8742 | 13897 ; [ AT7T | 2780 | 237< | A5 0T TI | 0f | 0F
Densi 0 TI246 | 0.9974 | L0158 | 10720 | 1.0207 | 1.0720 | 0.0793 | 09793 | 1.3246 | 09855 | 00106 | 00010 | O00IL | 09808 e 102031.xIs | PFD—P110-A202 | B




ATMOSPHERKC VENT

| | S-227
|
H-200 T-220
> A202
FROM S/L SEP
LIVE G-228
HOPPER _T-208
CAR A-209
P-7223 l]_ _I
%
¢
/ w9
77777777777 7
P-201 @
> A201
SULFURIC ACID
COMPONENT UNITS | 227 228 229 230 233 239 24C
Total Flow ka/hr | 2,395 [271,157 | 72217 |265125| 1,185 | 272,342 | 268,762
Insoluble Solids % 100.0% | 1.7% | 80.0% 0.0% 0.0% 2.1% 0.1%
Soluble Solids % 0.0% 12.9% 26% 13.1% 0.0% 12.9% | 13.0%
Temperature C 50 53 53 20 53 50
Pressure atm 1.00 1.00 100 100 340 1.00 1.00
Vapor Fraction '_ 0.00 0.0C 0.00 0.00 0.00 0.00 0.00
Ethanol kg/hr 36 0 36 36 36
Watel kg/hr 226537 | 1225 |225312 226,537 | 226,537
Glucose (SS) kg/hr 2,275 12 2,263 2,275 2,275
Xylose (SS |59/hr 16,898 91 16,806 16,898 | 16,898
Arabinose (SS) kg/hr 2,355 13 2,342 2,355 2,355
Other Sugars (SS) [ka/hr 2,760 15 2,745 2,760 2,760
Cellobiose (SS) ka/hr 267 1 266 267 267
Glucose Oligomers (SS) _[ka/hr 542 3 539 542 542
Xflose Oligomsrs fSS ka/hr 561 3 558 561 561
Other Oligomers (SS] ka/hr 841 5 837 841 841
Corn Steep Liquor (SS)  [kg/hr 209 1 208 209 20¢
Others (Soluble Solids) kg/hr 8316 45 8271 8316 8,316
Acetic Acid ka/hr 3,794 21 3,773 3,794 3,794
Sulfuric Acid Ehr 1185 1985
Furfural kg/hr 450 2 448 450 45C
HVF kg/hr 70 0 70 70 70
Carbon Dioxide E/hr 19 0 18 19 19
[Methane kg/hr
Oxygen karhr 0 0 0 0 0
Nirogen I&q/hr 0 0 0 0 0
Others ka/hr 607 3 603 607 607
Cellulose (IS) E}/hr 143 142 1 143 143
Xylan (IS ka/hr 2 2 0 2 2
Arabinan (IS) ka/hr 0 0 0 0 0
Other Sugar Polymers (IS) [kg/hr 0 0 0 0 0
ma_u_).ﬁ (SR
Biomass (IS) ka/hr
Zymo (IS) |ﬁglhr
Lignin (IS) kg/hr 71 71 0 71 71
Gypsum (IS) kg/hr 3,485 5,537 28 5,565
Ca(OH)2 (IS) kg/hr | 2,395 895
Others (Insoluble Solids) [kg/hr 23 23 0 23 23
Enthalpy Flow (millions) Kcallh] -7.6 -892.6 -20.7 | -874.2 -2.3 -8949 | -883.9
Aver Densi 23430 | 10397 | 2.0146 | 1.0158 | 18166 | 10422 | 1.0207

§-222
T-232
TG SOLDS MIX
SOLIDS TO
LANDFILL
SOLDS >
DIMPSTER
Heat Stream No MM kcalrhr Work Stream No Tow
WC225 0.84
WP209 57.50
WP222 5701
WP22 8.74
WP239 8.64]
WS222 30.34]
WT209 5.0
WT224 104.47]
Eq. No.[Equipment Name Req.[Spare| Equipment Type Mat Const.
A-209 [Overliming Tank Agitator 1 FIXED-PROP SS
A-224 |Reacidification Tank Agitator 1 FXED-PROP SS
C-225 |Lime Solids Feeder 1 ROTARY-VALVE |A285C
P-209 |Overlimed Hydrolyzate Pump 1 1] CENTRIFUGAL 304SS
P-222_|Filtered Hydrolyzate Pump 1 1] CENTRIFUGAL 304SS
P-223 [Lime Unloading Blowel 1 CENTRIFUGAL C.S.
P-239 |Reacidified Liquor Pump 1 1] CENTRIFUGAL SS304
S-222_|Hydroclone & Rotary Drum Filter 1 ROTARY-DRUM EPOXY LINED
S-227 [LimeDust Vent Baghouse 1 FABRICFILTER A285C;POLYES
T-209 [Overliming Tank 1 VERTICAL-VESSEL |[SS304
T-220 |Lime Storage Bin 1 LIVE-BTM-BIN CS
T-224 [Reacidification Tank 1 FLAT-BTM-STORAQ SS304 |

L RENEVABLE
ENERBY LABORATORY

0:«:. iy

SECTION A200
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102031.x1s TPFD— P110-A203 | B




@ T-512
BHALS ASD2
CA3
TQ SCRUBBER
P-760 @
> A7ai
CORN STEEP LIGUOR {CSL)
GLUCCSE -
P-914
AS02
PROCESS WATER
Qar/cs
VELL VAER
Vg F-301-5
WVELL WATER TO ASO1 H-3D4—5
R A-304-5
P—-760 —_—
> A701 & =3
A3D2
DIAMMONIUM PHOSPHATE (DAF)
TO FERMENTATION
H-302
> AdD3
SAGGHARIFIED SLURRY
[COvEONENT ONTS | 303 304 304C 310 310A Heat Stream No. ™M Kcal/ht Work Stream No. TRW |
Total Flow ko | 43550 | 41391 | 2415 | 28 219 [QF301 0.21] [wP301 16.95
Insoluble Soids % 50% | 57% | 00% | 00% | 00% vwv $3 gi ;g =
|[Soluble Soiids % 157% | 46% | 00% | 00% | 1000% WTS0T 70
Cc a1 4 4 20 20 WT305 39.00]
Jatm | 100 | T fX 100 | 100
000 | o 1 000 | 000
kg/hr 5 2335 |7
Water o/hr | 33919 | 33881 | 76
Glucose (SS) hr | 3110 | 103
Xylose (SS) g/hr | 1809 | 156
Arabinose (SS) ahr 253 32
Other Sugars (SS) @/hr 296 37
Celiobiose (SS) ohr | 36 36
Glucose Oligomers (SS g/hr 185 185
Xylose Oligomers (SS) g/hr 65 65
Other Oligomers (SS) g/hr 97 97
Com Steep Liquor (SS) g/hr 27 224 0 219
Others (Soluble Solids) gfhr 958 958 Eq. No.|EquipmentName Req[Spare] Equipment Type [Mat Const.
Acetic Acid hr 448 527 1 A-301 [Seed Hold Tank Agitator 1 FIXED-PROP SS304
|Su\lunc Acid a/hr 15 15 0 A-304 [4th Seed Vessel Agitator 2 FIXED-PROP SS
Furfural @/hr 58 57 1 A-305 [5th Seed Vessel Agitator 2 FIXED-PROP SS
HVE a/hr 9 9 0 F-301 |1st Seed Fermentor 2 VERTICAL-VESSEL [SS304
hr 3 20 | 2235 F-302 _[2nd Seed Fermentor 2 VERTICAL-VESSEL |SS304
g/hr F-303 [3rd Seed Fermentol 2 VERTICAL-VESSEL [SS304
i [ g 32 F-304_|4th Seed Fermentor 2 FLAT-BTM-STORAG(SS304
g/hr 0 0 0 F-305 |5th Seed Fermentor 2 FLAT-BTM-STORAG|SS304
ghr | 95 292 0 28 H-304_|4th Seed Fermentor Coil 1 IMMERSED-COIL_[SS
hr 1 136 136 H-305_|5th Seed Fermentor Coil T IMMERSED-COIL _|SS
Dyan () __ h |44 2] P-301_|Seed Hold Transfer Pum 1| 1|ROTARY-LOBE __|55304
‘Arabinan (1S i 6 3 anster Pump
%ﬁ)m %ﬁ: 7 7 P-302 |Seed Transfer PUmp 2 ROTARY-LOBE SS304
Coliee T 3 = T-301 |Seed Hold Tank T FLAT-BIM-STORAG|S5304
L]~ o] L1} NATIGNAL RENEWABLE
ENERBY LABIRATIRY
tees i Oma
Omntwr For Fusis Asd
SECTION A300
M E—— SEED_PRUDUCTION
00016 | 10096 | 09983 O 102031.xIs | PFD—P110—A3D1 B




P-301

2 A1 T-512
INCCLL\M @
A502
S P—73D @ T0 SCRUBBER
ENZYME P—515
F-320
o A=300 B R TO At SCRUBBER BOTTOMS
H-30a ﬁ
H-31D — T-304
T, —_—
pP-224 7 A-306
> Z oo Commay
DETOXIFIED HYDROLYSATE H-302
=
LP
F-300
1 TRAIN OF m 1 TN OF
P-760 @ © CAXCADNG S5TRe & CASCADING < P—-%08 T0 PREHYDROLYSIS
A
DIAMMDNILM PHQOSPHATE (DAP) F-301-5
P-760 @ @
A1
A701
TQ SEED PRODUCTION
CORN STEEP LIQUOR (CSL)
[Feat Stream No. TMM Kcallhr Work Stream No TRW
732 [ A [ 0B [ 302 [ 303 304 306 308 T TT 3T 0. 55T ] S0 [ 501 QF300A 0.09] |[WP300 345 20
Tow Q/T_| 428,764 | 428,764 | 435,588 | 302,020 | 43,550 | 41301 | 412,222 | 22420 136 TOB7 | 6,824 |2449,353 | 37,130 | 9490 | 9490 QF300 2.40] |WP306 119.04]
Tnsoluble Solds % 112% | 11.2% | 50% | 50% | 50% | 57% | 55% | 00% | 00% | 0.0% | 83% | 50% | 00% | 00% | 0.0% QH30L 489 |WP310 122.90)
| % 90% | 90% | 157% | 15.7% | 15./% | 46% | 40% | 00% 00% [100.0%| 00% | 3.6% | 00% | 00% | 0.0% QH302 849] _WI300 73873
C 51 65 65 41 41 41 41 4 20 20 20 41 39 164 148 WT306 113.64]
am 100 T00 | 100 | 100 | 100 | 100 | 1.00 | 100 T00 | 1.00 | 100 | 000 | 090 42| 442 WT310 74539
000 | 000 | 000 | 000 | 000 | 000 | 000 | 00 | 000 | 000 | 000 | 000 | 000 | 100 | 000
E Kkghr |47 a7 a7 a3 5 2335 | 24032 | 668 24825 | 793
Water o/hr_| 335,811 | 335811 | 339,183 | 305,260 | 33010 | 33881 | 338544 | 710 6,255 | 374828 | 36,284 | 9490 | 9490
Glucose (5S) |kofr | 2432 | 2432 | 3L193 | 28074 | 3119 | 103 82 82
18087 | 18,087 | 18067 | 16279 | 1809 | 156 | 909 509
2528 2,528 2,528 2,275 253 32 217 217
Other Sugars (SS) 2962 | 2962 | 2962 | 2,666 | 296 37 754 754
Cellobiose (55) 312 32| 360 324 36 36 360 360
716 716 | 1853 | 1668 | 185 185 | 1853 1853
&% | 646 545
[ 950 | 99 | 959 872 o7 o7 6T 369
_5%_5% 70 23 _Q%SB_ 24 _é_%s 3 1,08 1“’5;’9 ) Eq. No.| Equipment Name Req| Spare| Equipment Type Mat Const.
e A A NS5 O 70 12 210 ki A-300 | Ethanol Fermentor Agjtator 10 FIXED-PROP 55304
e : o fus a = o 3 T 3 A-306 | Beer Surge Tank Aditator 2 FIXED-PROP 55304
= 75 R - =7 = - = A-310 | Saccharification Tank Agitator 10 FIXED-PROP SS304
oo} o] T T T o) T 0] T F-300 | Ethanol Fermentor 5 FLAT-BTM-STORA{ SS304
io] i) 5 T 0 206 | 20,790 y.riio) 7 H-300_| Fermentation Cooler 5 1JPLATE-FRAME SS304
H-301 | Hydrolyzate Heater 1 1] PLATE-FRAME SS
0 0 0 0 0 0 226 0 T H-302 | Saccharified Slurry Cooler 3 PLATE-FRAME SS304
0 0 0 0 0 0 0 0 0 H-310 | Fermentation Cooler 5 1|PLATE-FRAME SS304
A 054 B50 5 750 2276 0 136 2276 0 P-300 |Fermentation Recirc/Transfer Pump| 5 1] CENTRIFUGAL SS304
28232 | 1365 | 1228 | 136 | 136 | L. T365 P-306 |Beer Transfer Pump 1 1] CENTRIFUGAL SS304
439 439 395 LX) 4 439 439 P-310 | Saccharification Recirc/Transfer Pul 5 1| CENTRIFUGAL 55304
61 61 S5 6 6 61 61 T-306 | Beer Storage Tank | T FLAT-BTM-STORAG 55304
Q 575% ;3865 % 675 67530 =5 675% T-310 | Saccharification Tank 5 FLAT-BTM-STORAG SS304
0 0 0 0 0 0 0 NER | BESDAIPTION AT NATICGNAL RENEVABLE
1% 136 122 14 193 | 1,088 1088 NIEL ENEREY LABIRATIRY
14,252 | 14,252 12,827 1,425 1,425 14,252 14,252 2 JENTE REFOR] or And
28 28 75 3 3 28 28 Dot C_
SECTION A3DC
7520 | 4620 | 4158 | 462 | 462 | 4620 2520 SAUGHARIFIGATIUN &¢ FERMENTATIGN
13845 | -1408.7 | 12755 | -14L7 | -137.7 | -1372.7| 475 41 | 242 |-15100] 1382 -208 | 347
1050 | 1052 | 1075 | 1075 | 1018 | 1015 | 0002 0998 | 1040 | 0952 | 0975 | 0002 | 0865 e  |02031xis | PFD—P110-A302 | B




H—201
A201
FROM FREHYDROLYSIS

H=512

T-512

A5Q2
TG SCRUBBER

D-502

D-501

ovs
T-503
P-503

&

E7D

TO RECTFKCATION COLUMN

E-S01

501 506 508 510 518 518 504 | 5%
353 | 449,353 | 401 | 62320 i 533 | 65,505 | 65505
50% | 50% | 0.0 0% | 58% | 58% 0.0% | _0.0%
3% T% | 0.0% | 0% | 42% | 42% 0.0% | _0.0%
5 T00 50 I3 123 TI7 X T4E
200 776 186 TOT 710 IC a7 747
0.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00
24,825 | 24,825 | 60 24583 | 182 182
374,828 | 374,828 |20 36,990 | 337,819 | 337,819 | 65,505 | 65505
Glucose (SS) 82 82 0 0 82 82
Xylose (SS) 909 909 0 0 909 909
[Arabinose (53] 717 717 0 0 717 717
757 757 0 0 757 758
36C 360 0 0 360 360
| 1853 | 1553 0 0 TB53_ | 1553
TAT L) 0 0 54T [
0 0 T60_ |60
0 45 T3IZ | 1314
0 0 9581 | 9,581
0 259 2998 | 4,998
0 0 154 154
0 278 298 298
0 43 46 46
71T 79
0 0 0 0
0 0
0 T 275 | 4275
T, | 1365
737 739
Arabinan (IS) |kg/hr 61 61 61 61
Other Sugar Polymers (IS) 73 73 73 73
Cellulase (IS) 650 650 650 650
0 0 0 0
1088 | 1,088 1,088 | 1,088
1275, 12757 12057 | 14,252
i 78 78 i
Others (Insoluble Solds 7520 | 4520 2520 | 45620
ihal “T4888] - G| 10 | 1475 | -1304.0] -1307.1] 2055 | -239.7
[l __| 0.9585 | 0.9537 | 0.0029 | 0.0014 | 0.951c | 0.0570 | 0.0022 | 0.8653

ASQ4 >

TQO EVAPORATIDN

Heat Stream No. MM kcal/hr Work Stream No. kw
QCD501 0.37| |WP501 312.41]
QH512 -2.18]| |WP503 0.51]
QRD501 -33.76
Eq. NoEquipment Name Req[Spare] Equipment Type lat Const.
D501 [Beer Column 1 DISTILLATION SS304
H-501 [Beer Column Reboiler 1 1| SHELL-TUBE SS304,CS
F504_|Beer Column Condenser T SHELL-TUBE SS304,CS
H512 [Beer Column Feed Interchanger 1 1 PLATEFRAME SS
P-501 [Beer Column Bottoms Pump 1 1] CENTRIFUGAL SS
P-503 [Beer Column Reflux Pump 1 1] CENTRIFUGAL SS
T-503_|Beer Column Reffux Drum T HORIZONTALS sS04 |
NATKINAL RENEVABLE
NIEL.  ENERBY LABRATRY
Darter For Fusls Ard
SECTION AS5DC
BEER DISTILLATIDN
ryem  °2%s | PFD-P110-A501 | B




E-5D1 M—503
> A504 & A0S >

FROM EVAPURATCR * ~ TO ETHANOL DEHYDRATION
E-501
INR
T-512
Hesa5 10 EVAPORATOR
M—5U3 PO
@ 0’0‘0‘0.0‘0’0‘0‘0‘0.0’0‘0.0 >
o ‘0‘0’0:0’0:0:0’0:0’0’0‘0:%
D-5D2 > :;;122 @ PO VENT TO ATMOSPHERE
FROM DEHYDRATION P
WELL WATER A A A A A
D501 » 1-505
A501
FROM BEER COLUNN
F-301-5 =50z
(ResD2) z 2
N P_E0K
SEED FERMENTER QFFGAS I FEAY @
F—300 < >
PRODUCTION FERMENTER OFFGAS T-306
H-504 Q A302 >
A501 P-5D4 PSS TG BEER WELL
BEER STILL CFFGAS D
€T AGDS >

TO WATER RECYCLE
W

COMPONENT UNITS| 304C 308 508 510 511 516 521 523 524 550 551 592 593 Heat Stream No. MM Kcalhr Work Stream No
Total Flow kg/hr 2,415 22,420 491 62,329 | 33,232 | 37,643 8,546 25,325 | 35912 | 24,107 | 37,130 8,164 8,164 QRD502 | -4.21] |WP504 I 9.31
insoluble Solids % 00% | 00% | 00% | 00% | 00% | 00% 0.0% 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% I WPS05 I 12.7
Soluble Solids % 00% | 00% | 00% | 0% | 00% | 04% 0.0% 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% I WP515 ‘ 6.10
Temperature C 41 41 60 113 92 121 70 41 26 29 39 164 148
Pressure am 1.00 1.00 1.86 191 1.70 4.29 1.53 1.00 1.00 0.90 0.90 442 4.42
Vapor Fraction 1.00 1.00 1.00 1.00 1.0C 0.0C 0.0C 1.0C 0.0C 1.00 0.00 1.00 0.00
Ethanol [kg/hr 70 668 60 24,583 | 30,740 19 6,176 797 4 793
Water kg/hr 76 710 20 36,990 | 2492 36,868 2,370 806 35912 434 36,284 8,164 8,164
Glucose (SS) kg/hr 0 0 0
Xylose (SS; kg/hr 0 0 0 0
Arabinose (SS kg/hr 0 0 0 0
Other Sugars (SS) ka/ht 0 0 0
Cellobiose (SS) kg/hr 0 0 0
Glucose Oligomers (SS) _kg/ht 0 0 0
Xvylose Oligomers (SS)  [ka/hr 0 0 0 0
Other Oligomers (SS kg/hr 0 0 0
Corn Steep Liguor (SS) kg/ht 0 3 0 145 145 4 0 4
Others (Soluble Solids)  [kg/hr 0 0 0
Acetic Acid ka/hr 1 6 0 259 259 7 0 7
Sulfuric Acid kg/hr 0 0 0 0 0 0 0 0
1 7 0 278 278 8 0 8
] 1 0 43 43 1 0 1

kg/hr 2,235 20,799 411 29 29 23,444 23,410 34

kg/ht Eq. No.| Equipment Name Req[Spare|Equipment Type Mat Const.
Oxygen kg/hr 32 226 0 0 0 258 258 0 D-502 | Rectification Column 1 DISTILLATION SS
|N|[rogen h/h' 0 0 0 0 0 0 0 0 H-502 |Rectification Column Reboiler 1 SHELL-TUBE SS304,CS
Others [karhr 0 0 1 1 0 0 0 H-505_| Start-up Rect. Column Condenser 1 SHELL-TUBE SS304,CS
Cellulose (IS) F’q/hr P-504 | Rectification Column Bottoms Pump 1 1]CENTRIFUGAL SS
Xylan (IS) ka/ht P-505 | Rectification Column Reflux Pump 1 1|CENTRIFUGAL SS
Al kg/hr P-515 | Scrubber Bottoms Pump 1 CENTRIFUGAL SS
O olymers (IS) |kg/ht T-505 |[Rectification Column Reflux Drum 1 HORIZONTAL-VESS|SS304
Cellulase (IS) ka/hr T-512 [Vent Scrubber 1 ABSORBER |SS304;PLASTIC]
Biomass (IS) kg/hr \CR | scsnnoe ™13
S il ey T
Lignin (IS) Ka/hr & PeT BEION REPOIT | /2378 |
Gypsum (IS) kg/hr Ourtwr For Fusis Asd
Ca(OH)? (5) kag/hr SEGTION AS00
Others (Insoluble Solids) [kg/hr
Enthalpy Flow (millions Keallh] -5.1 475 -1.0 -147.3 -44.6 | -137.3 -17.5 -53.6 -136.0 -51.4 -138.2 -25.7 -29.9 REGTIFKGATION DASTILLATION
Average Densit ml_| 0.001€ | 0.0016 | 00020 | 0.0014 | 0.0023 | 0.894 | 0.7943 | 0.0016 | 0.9925 | 0.0016 | 0.0750 | 0.0022 | 0.8653 102031.xIs | PFD—P110—ASD2 | B




r-r--—-—- - -~ - - -—-—=-"—-"-"-""-"=-="-"-="-=-"->-""F""="=-"-F;:F"F"F"-—-F"F"""F""-""F"¥"-"-"F"F"”""F"""F¥="-"¥F¥=-&¥F*=¥"¥"”"¥"¥“"¥"“"¥“"¥"¥"7”7”¥"¥/”¥7”7¥95°”7= 1
o & | e © |
|
2502 i N ' |
CHI00
RECTIFICATION | @)X/ & |
COLUMN VAPGR | LF ST |
QVERHEAD | ove |
:
I —FfY I D
| ok | VENT T
I | ATMOSPHERE
| |
| |
| |
| |
| |
| & |
D-502 I I
ABO2 | N & |
I o I M-503
TO RECTIFICATION
| v | Cos)
I I
| |
| \ |
| |
| | @ T-7D1
|
I €T | A701 >
: : TO ETHANQL STORAGE
- 1
W JONTS ST T SIC T STe T STon 517 STT T 52T 577 596 597 Heat Stream No. MMkcalrhr Work Stream No. KW _I
otal Flow T | 33,232 737 | 24,686 | B.54¢ | 8540 T686 | 8546 | B.546 (o4 BT QH503 2.96] [WMS503 171.59
MSoIuble SoNds K 0O0% | 0.0% | 00% | 00% | 00% | 00% | 0.0% | 00% | 00% | 00% QH506 032
Soluble Solids % 0.0% | 0.0% | 00% | 00% | 0.0% | 00% | 0.0% | 00% | 0.0% | 00% QH507 0.24
Temperature C 2 116 38 116 35 2 70 70 164 148 H509 5386
Pressure aim 1.70 1.70 1.00 1.70 0.14 144 153 153 342 742
[Vapor Fraction T00 T00 0.00 T00 0.0C T00 0.0C 0.00 T00 0.00
[Efhanal GnT 0,740 | 30,740 | 24,564 | 6,17¢ | 6176 A564 | 6,176 | 6,176
[Water /T L) 207 T, 37C 2370 107 370 370 (74 2T
Clucose (55, g/nr
Xylose (SS) o/hr
Arabinose (SS) g/hr
Other Sugars (SS) g/hr
Cellobiose (55 q/hr
g/nr
a/nr
g/hr
g/hr
g/hr
Acetic Acid g/hr
[Sumaric Ach g/nr
Furfura a/hr
r
Carbon Dioxide
Req[Spare] Equipment Type [ Mat Const
M-503 [ Molecular Sieve (9 pieces;) 1 PACKAGE SS
R} ISP L] NATICNAL RENEVABLE
ENERBY LABIRATIRY
tees 7y Oma
Ounter For Fusis Asd
SECTION AoOC
ETHANGL DEHYDPRATION
IT5 | 443 | 35% | 148 | I7E | 207 | I7f [ I75 70 23
00023 | 00022 0.7753 | 00017 | U:B308 | 00022 | 0.7943 | U.7943 | 00022 | 08653 wepm|  '02031xIs | PFD—P110-AS03 | B




=530

ke @ S A505 <
) __ASDI E-501 E-503
FROM BEER STILL BOTTOMS FROM 5/L SEP
{ E-502 %
~ 5-600
D-5D2 &3
(o) ABO1
> AS02 Y] TO ANAERQBIC DIGESTION
FRON RECTIFICATION CCLUMN T-101
M—B11 @ T-514 aoT >
> A8O2 UER1A2 H-517
Vv pe— T0 WASH WATER TANK
VERY LOW PRESSURE STEAM aHs17 A-201
ciP =20 &p
A201
T-50% c C T ACID OILUTIDN
AS02 | c C \ A-514 T_a14
— v &
[4:3
TD RECTIFICATKON COLUMN v AS02
1904 c TG PROGESS WATER INLET
< ABO3
TD CDNDENSATE RETURN
M-B03
B — |® P-5ts 8 © S—gor >
@ TQ COMBUSTOR
& o
A0S
P-511
—_— TO LIGNIN SEPARATION
ONITST— 102 1T 5T SIBA | 525 526 527 ) % 50 53T 532 533 RZLY Stream No. MM keallhr T JStreamNo. kw
otal Flow. ko/hr | 43017 | 99,34 | 71466 | 386,533 | 303646 | 82,887 | 82,887 | 116,868| 77,752 | 77.752 | 39922 | 76946 | 76,946 | 237,585 QCD502 24.58] |WP5LL
insoluble Sofids % 0.0% | 0.0% | 00% | 58% | 74% | 0.0% | 00% | 08% | 00% | 0.0% | 2.4% | 0.0% | 00% | 00% OEB01A? 2.49] |WP512
luble 0.1% | 01% | 01% | 42% | 52% | 04% | 04% | 88% | 00% | 00% | 258% | 0.0% | 00% | 01% E502B 2405 [Wesi3
72 72 72 T 7 7 7 7T 7T 7T 51 51 = 7 LQES(BE ST TWeel
00 00 ™ 10 | 060 | 080 | 0L | 03L | 03L | O 02 | 02T | O 0 T 1553
0.00 | 000 | 000 | 000 | 000 | 100 | 000 | 000 | L00 | 000 | 000 | 1.00 | 000 | 000 Q -
3L 71 51 182 39 143 | 143 3 21 21 0 2 2 170
LAy X 3 887 | 81,887 | 99813 L] 203 | BT | 15858 | 75, X
[:4 :4 5 5
0 0 0 909|909 0 0 =] 0 0 629 0 0 0
0 0 0 217 | 217 0 0 5 150 0
254 | 754 % 176
[ 360 70 Zi
TB53 | 1853 T282 T282
[Xylose Oligomers (55) __[kghr |0 0 0 646 | 646 0 0 a7 0 0 747 0 0 0
[Other Oligomers (SS) 969 969 610 670
T S| S it 19 19
I58T | 9581 5528 5528
75T | 580 | 4998 | 468 05 09 | 2827 | 4B | 48 | L757 | L0700 | 1070 | L7% |
0 0 154 | 154 0 0 07 0 0 107 0 0 0
111 80 298 1 100 | 197 1 197 1 56 56 2 12 z 265 Eq. No.|EquipmentName Req[Spare]Equipment Type __|Mat Const.
- = 5 =1 = z 2 z Z 1T a E-501 [1st Effect Evaporation 2 SHELLTUBE SS316
E-502_|2nd Effect Evaporation T SHELL-TUBE SS316
0 E-503 |3rd Effect Evaporation 2 SHELL-TUBE SS316
H-517 |Evaporator Condenser 1 1| SHELL-TUBE SS304,CS
7 3 1205 | 4,273 2 2 2,852 2047 5 5 £l T 2,852 P-511 [1st Effect Pump 2 1] CENTRIFUGAL SS
T35 | 1305 70 70 0 P-512 |2nd Effect Pump T T[CENTRIFUGAL 5SS
0 | 49 7 7 7 P-513 |3rd Effect Pumj 2 1| CENTRIFUGAL SS
[ 61 1 1 1 P-514 |Evaporator Condensate Pump 1 T|CENTRIFUGAL SS304
3 3 1}4 ‘1‘4 ‘1‘4 T-514_|Evaporator Condensate Dru 1 HORIZONTALVESSESS304
0 0 0 0 0 | BDE__| NARONAL RENENRELE
1088 | 1088 4B 408 408 A |ESP PROCESS PASE % ENERDY LAGORATORY
14,252 | 14,252 214 214 214 1 1200 OEVOH REPRRT haelogr & For Feela Ard Charmiock
B 28 0 0 0
o oo ™ ™ ™ L
Entha\pyFlow(mlHlons) [Keallr| -160.0 | -369.5 | -265.8 | -1307.1 | -1018.2 | -2623 | -307.3 | -3744 | -247.0 | -2000 | -88.4 | -2430 | -2865 | -883.7 | 884 | 6655 | -155 | 180
[Average Densiy Joi | 0944 | 0944 | 0944 | 0957 | 1003 | 0000 | 0932 | 0983 | 0000 | 0948 | 1085 | 0000 | 0954 | 0944 | 0944 | 0999 | 000L | 0947 brwrem 102031.xls | PFD—P110-A504 | B




P-214
> A902

PROCESS WATER

P—504

> A502

RECTIFKCATION
BOTTOMS

T-9D3

> A901

AR

P-511
> A504
15T EVAFORATOR EFFETT

&

S-905,/T-232

o

8oL >

TO COMBUSTION
AIR COMPRESSOR

£=501

5505

& A202 >

TO PREHYDROLYSE S/L SEP

COMPONENT UNTS | 219

516 ] 525 | 550 | 571 | 572 | 5/3 | 574 | 560 | 580
[TolalFlow __— kg/hr | 207,096| 37,643 | 303646] 5021 | 44075 | 250493 | 64873 | 104579 | 5999 |194620
Tnsoluble Soids % 0.2% | 00% | 74% | 00% | 48.3% | 05% | 05% | 00% | 0.0% | 05%
% 00% | 49% | 53% | 53% | 0.0% | 01% | 53%

C 40 38 40 20 20 38 40

am 951 | 320 | 32 320 | 100 | 320 | 320

100 _| 000 | 001 0.00 | 000 | 100 | 000

3 36 9 ) 27
19783 | 236,075 | 50,019 [ 104579 | 74 177056

6 76 19 57

70 838 | 210 629

7 200 50 150

20 235 59 176

28 332 83 249

144 | 1700 | 407 1282

50 506 | 149 447

Other Oligomers (SS) __[ko/hr | 223 969 75 894 | 223 670

Corn Steep Liquor (SS) ka/hr 145 145 9% 992 4

Others (Soluble Solids) ka/hr 2,209 9,581 743 8838 2209 6,628
Acetic Acid kghr | 1341 | 259 | 4,689 363 | 4326 | 1081 1| 3244
[SufuricAcid  Tkg/hr 36 0 154 12 142 36 [0 107
Furfural kghr | 301 | 278 | 100 8 53 23 [ 69
0 1

2854

20

7

1

1

244

0

208

214

0

69

665F

09990

@ M-B03
ABQ2
TO0 COMBUSTOR
8 E-502
TO EVAPORATOR
P50 SECOND EFFECT
{ WPB3D )
Heat Stream No. MM keallnr Work Stream No. KW
WC501 28.16]
WP530 59.41]]
WS505 113.91}
WT530 6.83]
Eq. No. | Equipment Name Req| Spare| Equipment Type Mat Const.
A-530 | Recycled Water Tank Agitator 1 FIXED-PROP CS
C-501 |Lignin Wet Cake Screw 1 SCREW CS
P-530 | Recycled Water Pump 1 1] CENTRIFUGAL CS
S-505 [Pneumapress Filter 4 PNEUMAPRESS SS316
T-530 |Recycled Water Tank 1 FLAT-BTM-STORAGCS

L RENEVABLE

.13 NATICNA
[1777e ] NIEL,  ENEREY LARAIIRY
s 0 Oanter For Fusis Asd
SE

GTION  A5CO
LIGNIN SEPARATIUN & RECYULE

ram  0208Xs | PFD—P110-A505 | B




P-514
> >

EVAPORATOR CONDENSATE

M-B02 @’

COOLING TQWER BLOWDCWN

H-244

PRETREATMENT FLASH

M-8D3

W-608

802 >

TO COMBUSTOR

EMERGENCY FLARE

P—328 @ r
@ g O
BAILER BLOWDOWN | @
M-210 a_‘D |
AJ03 S—6Da :
CIP/CS |
Ho2o &> | =k
P-6D2 o |
S/L SEP VENT CONDENSATE :
| —]
L _ _
W-604
HOFFER
COMPONENT UNITS| 262 520 535 612 612 615 618 63C 821 944
Total Flow kg/hr 200 53,152 | 23759 | 97,264 | 97,264 625 96,697 58 5715 | 14,439
Insoluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Soluble Solids % 0.0% 0.1% 0.1% 0.1% 0.1% 0.0% 0.1% 0.0% 0.0% 0.0%
Temperature C 38 30 74 59 35 35 35 20 30 2
Pressure atm 1.00 1.00 1.00 2.00 2.00 1.00 1.0C 1.00 96.2¢ 1.0
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 1.00 0.0C 0.00 0.00 0.0
Ethanol kg/hr 0 73 17 EY) 90 0 6
Water kg/hr 199 52,244 | 23,499 | 96,094 | 96,094 28 96,414 5,715 | 14,439
Glucose (SS) kg/hr
Xylose (SS ka/hr 0 0 0 0 0
Arabinose (SS) ka/hr 0 0 0 0 0
Other Sugars (SS ka/hr
Cellobiose (SS) kg/hr
Glucose Oligomers (SS) | kg/hr
Xylose Oligomers (SS [kg/hr 0 0 0 0
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kag/hr 0 48 32 80 80 0 80
Others (Soluble Solids) kag/hr
Acetic Acid ka/hr 1 268 180 449 449 0 31
Sulfuric Acid ka/hr 0 0 (1] 0 0
Furfural ka/hr 0 449 27 47€ 476 0 33
HME ka/hr 0 70 4 74 74 0
Carbon Dioxide kg/hr 273 25
[ Methane kg/hr 324
Oxygen kg/hr 0 0 0 0
Nitrogen kg/hr 0 0 0 0 0
Others kag/hr 0 0 1 1 1 0 58 58
Cellulose (IS) kg/hr
Xylan (IS ka/hr
Arabinan (IS [ kg/hr
Other Sugar Polymers (IS) [kg/hr
Cellulase (IS) ka/hr
Biomass (IS kg/hr 43
Zymo (IS’ kg/hr
Lignin (IS; kg/hr
Gypsum (IS) kg/hr
Ca(OH)2 (IS kag/hr
Others (Insoluble Solids) | kg/hr
Enthalpy Flow (millions; Kcal/ht . -198.6 | -88.4 -362.3 | -364.6 -1.0 -365.0 -0.2 -19.9 -54.6
Average Densit gl 0.9903 | 0.9442 | 0.9604 [ 0.9846 | 0.0009 | 0.9841 [ 0.9983 [ 0.6925 ] 0.9906

[——I

T-608
A—606

TD ATMOSPHERE

T—608
ABD2

P—606

TQ AEROBKC DAGESTION

Heat Stream No. MM kcal/hr Work Stream No. KW

QH602 2.26| |WM604 4,14'
\WP602 22.571
\WP606 22.49]
WS600 0.42]
WT602 14.37]
WT606 31.0§

Eq. No.| Equipment Name Equipment Type Mat Const.

A-602 | Equalization Basin Agitator 1 FIXED-PROP SS

A-606 | Anaerobic Agitator 1 FIXED-PROP SS

H-602_| Anaerobic Digestor Feed Cooler 1 SHELL-TUBE SS316:CS

M-604 | Nutrient Feed System 1 PACKAGE CS

M-606 | Biogas Emergency Flare 1 MISCELLANEOUS  |SS

P-602_| Anaerobic Reactor Feed Pump 1 1] CENTRIFUGAL CS

P-606 | Aerobic Digestor Feed Pump 1 1| CENTRIFUGAL CS

S-600 | Bar Screen 1 SCREEN CS

T-602 |Equalization Basin 1 FLAT-BTM-STORAJ CONCRETE

T-606 | Anaerobic Digestor 1 FLAT-BTM-STORAQ EPOXY-LINED

L RENEVABLE
ENERBY LABORATORY

0:«:. iy

SECTION ABOO
ANAERUBK DIGESTIUN

Az 102031xIs

| PFD-P110—ABO1] B




UTILITY WASTE STREAMS

T-D14
@ A9D2

TC PROCESS WATER INLET

> @ @ VAPCR >

AR TQ ATMOSPHERE

o . .

FROM ANAEROBIC DIGESTICN

c-614 SLUDGE TG COMBUSTOR

AI:IA % P_516

T—6D8
A—BQB

P-610
L

i
i:

620 62T 623 627 62€
40,2041 97,095 18 , 39,53T
0.0% 0.1% 30.0% 0.0% 5. 1% 0.0%
0.0% 0.1% 0.1% 0.1% 0.1% 0.0%

631 Heat Stream No. MM kcal/hr Work Stream No. kw
0 WC614
0.0% WM612
0.0% \WP608
0 WP610
é gg WPGLL
\WP614
WP616
WS614
WT608

[COMPONENT
| Total Flow
[Tnsoluble Solids
| Soluble Solids
[Temperature
Pressure
Vapor Fraction
|Ethanol
Water
[Glucose (S5)
[X¥I05€ (SS)

i

1.00 1.00 1.00 1.00 1.00 1.00
1.00 0.00 0.00 0.00 0.00 1.00

1 1 0
627 96,881 152 95,658 | 1,222

= 444
L, o| | I

d 190geadddd
SEEEEREERE
EHEERBEE!

WT610

[Arabinose (SS)
er Sugars
[CeTlobiose (55)
Glucose Oligomers (SS)
SS)

ACetic ACid
Suttarc Acid

Eq. No. | Equipment Name Req| Spare| Equipment Type Mat Const.

Furaral A-608 | Aerobic Lagoon Agitator 16 IﬁURFACE-AERATO [
[PV CS

C-614 |Aerobic Sludge Screw 1 SCREW

Carbon Dioxide M-612 | Filter Precoat System MISCELLANEOUS [CS

Methane
Oxygen

P-608 | Aerobic Sludge Recycle Pump SLURRY SS316
8,302 P-610 | Aerobic Sludge Pump

SLURRY SS316
31,230 P-611 | Aerobic Digestion Outlet Pump

Nitrogen 1] CENTRIFUGAL CS
0 P-614 |[Sludge Filtrate Recycle Pump

Others

o

N

I

&
EEEEEE
EEEEEEEE
EEEEEEE
Holo|olo| 4
Holo|olo| 4

CENTRIFUGAL CS
P-616 | Treated Water Pump CENTRIFUGAL CS
S-614 |Belt Filter Press

FILTER-PRESS 304SS;BUNA N!I
T-608 [Aerobic Digestor LINED-PIT POLYMER LINEI

Cellulose (15
Xylan (1S
KraEman s

|

AEEEEEEEE
|

eT Sugar POlymers
Cellulase (IS)

Biomass (IS)
Zymo (IS)
Lignin (IS,

T-610 | Clarifier CLARIFIER CONCRETE

65 65 65 VER| DESORIFRON INE NATIONAL RENEVABLE
L=k fi7e/er ] ENERGY LABDRATDRY
toom {:) REL

Canter For Fuels Asd it

Gypsum (IS
Ca(OH)2(1S)

e e AEROHIE bisESTlon

Average Densiy

TO0TZ [ 09078 | TI28T | 00973 | 10728 | 00017 [ 00573 1 09983 2. 102031.xIs |PFD-P110-A5[]2| B




o S ®
m @' PURCHASED ENZYNE ré_ ATMOSPHERIC VENT
| S-735

DEHYDRATED ETHANGL T-310 DIAVMONIUM r i —_—
PHCSPHATE

PURCHASED SULFURKC ACID T-750

po780 T0_ SACCHARIFICATION
1-703

T-701

p7a1 A-701  DENATURED
—_— | ETHANOL PRODLCT

TO PREHYDRDLYSIS

PURCHASED GASOLINE

Ty F—301-5
® o DS >

TQ SEED
PRODUCTKIN

T-710
_— PURCHASED CSL

O T—7D4
A-720

P-710
F—704 TO FIRE SIJF'I;'ARBSION

@ F—300
> M2 5

TO FERMENTATION

F—301-5
PURCHASED PROPANE
TQ SEED
@ PRODUCTION
T-7 >
N
TO0 FORKLIFTS t A302
P-760 TD FERMENTATION
COMPONENT ONIT. 310 TOA 31T 31T 317 515 701 70 710 7T 773 735 750 755 Work Stream No. KW Work Stream No. KW
Total Flow Ra7nT 78 19 T35 T.087 5,827 7,686 T.010 5,705 288 5,080 70 T.306 5,822 16 WC755 0.06] |[WP750 0.48
Thsoluble Solds T T.0% T.0% T.0% 0.0% B.3% 0.0% 0.0% T.0% 0.0% 0.0% T.0% T.0% 3% T.0% WP 0L 5241 [WP755 1.9
Soluble Solids % 0.0% 100.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% WPT03 040 [WP760 029
Temperature C 20 20 20 20 20 38 20 20 20 20 20 20 20 20
Pressure atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 WE;% ggg wggg ggi
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 T.00 0.00 0.00 0.00 W20 039 . 1
Ethanol KG/nT 77,564 77,564 =
Water KG/nT 5,255 127 127 T,080 5.255
Glucose (55) Ka/hr Ea. No.| Equipment Name R Equipment Type Mat Const.
Xylose (SS) kg/hr A-701 | Denaturant In-line Mixer 1 STATIC SS304
rapinose (55) Kg/nrt A-720 [CSL Storage Tank Agitator 1 FIXED-PROP SS304
Oiher sugars (55) Kg/nt A-760 | CSL/DAP Day Tank Agitator 1 FIXED-PROP SS304
Cellobiose (55) Kg7hT C-755 | DAP Solids Feeder 1 ROTARY-VALVE |A285C
Glucose Ofigomers (SS)  [kg7hr P-701 | Ethanol Product Pump 2 1[CENTRIFUGAL CS
Xylose Oligomers (SS) Kg7hrt P-703 | Sulfuric Acid Pump 1 1| CENTRIFUGAL SS316
Other Oligomers (SS) Kg7hr P-704_| Firewater Pump T 1| CENTRIFUGAL CS
Corn Steep Liquor (S3) Kg7hT T9 T.087 1,306 P-710 | Gasoline Pump 1 1| CENTRIFUGAL CS
Others (SolubTe Solids) Ka/hT B-720 [CSL Pump T T[CENTRIFUGAL TS
R o - P-750 | Cellulase Pump 1] 1CENTRFUGAL __[cs
S e . P-755 | DAP Unloading Blower T CENTRIFUGAL CS
VT XaThT P-760 | CSLUDAP Pump 1 1| CENTRIFUGAL CS
ET RIS ToTRT S755 |DAP Vent Baghouse T FABRICFILTER A285C;POLYES
NMethane KaThT T-701 | Ethanol Product Storage Tank 2 FLAT-BTM-STORAGA285C
Oxygen KaThT T-703 | Sulfuric Acid Storage Tank 1 FLAT-BTM-STORAG SS316
Nitrogen KgTRT T-704 |Firewater Storage 1ank 1 FLAT-BTM-STORAG/A285C
Others kKg7/hrt 28 136 1,019 1,019 20 163 T-709 [Propane Storage Tank 1 HORIZONTAL STORJA515
Cellulose (15) Ka7nt T-710 | Gasoline Storage Tank 1 FLAT-BTM-STORAGA285C
ylan (15) Ka7nt T-720 |CSL Storage Tank 1 FLAT-BTM-STORAJ SS304
rabian (15) Karhr T-750 | Cellulase Storage Tank 2 FLAT-BTM-STORAG SS304
Other Sugar Polymers (IS)Jkg/hr T-755 | DAP Storage Bin 1 LIVE-BTM-BIN CS
Cellulase (IS) kg7hr 568 568 T-760 | CSL/DAP Day Tank 1 FLAT-BTM-STORAQ SS304
Bromass (15) Kq/nT oo WL NATIGNAL RENEVABLE
ymo (15) Kg/nT N
Cignin (TS) Kg7hT B |IDRF OESEN REPORT 0“‘1 ENEREY LABIRATIRY
Gypsum (15) Kg/hr Omntwr For Fusic Asd
CTa(OH)Z (IS) Kg/ht
Others (Insoluble Solids) |kg/hr EE%?RNAGAEDO
Enthalpy Flow (milons) Rcalrni| 0.1 0.8 0.4 7T 27 -35.6 05 -36.4 .4 —34.2 0.0 5.0 —24.7 05
verage Density Jarmt T.0006 | 0.9983 | 1.0096 | 0.9983 | 1.040 0.7753 | 0.687/6 | 0.787 T 8166 | 0.9983 | 0.0018 | 0.9983 | 1.0403 | 1.0096 s 10203IxIs | PFD-P110-A701| B




M-B03
W—8D3 FPREHEATED COMBUSTION AR
FLUE GAS
QBN @ ’\‘ @ €> >
H-8D1
> <H> —-IZE:EI @ M-804 GAS TU STACK
COMBUSTION AR
H-205 @ >
> A202
ASH TO LANDFILL
AR
S-b05 @
> A5
AR
[COMPONENT ONITS] 261 | 560 | B04 ] B04A | 8048 | 604D | 80T | BOOA | 810 Heal Stream No. WM Kealle Work Stream No. kW <|
[Total Flow Ko/t | 4,894 | 5999 | 260,116 | 271,009 | 271,00€ | 355,82¢ | 4,492 | 355,828 | 351,33€ QHB0L 1186 JWCOMBFAN 119.95)
% 0.0% | 0.0% | 00° 0.0% | 0.0% | 13% [100.0% | 13% | 0.0% WM804 176.00]
% 0.0% | 0.1% | 00 00% | 0.0% | 03% | 00% | 03% | 0.3%
C 38 38 24 2 204 278 164 164
am 100 | 3.2 | 100 T01_| 1.01 | 097 097 | 097
Vapor Fraction 100 | 1.00 | 100 100 | 1.00 | 099 0.00 099 [ 1.00
Ethanol ka/hr 0 0 0 0 0 0 0
Water kg/hr | 205 74 3382 | 3,661 | 3661 | 67617 67617 | 67617
Glucose (SS) ka/hr 1 1 1
Xylose (SS) [ka/hr 7 7 7
Arabinose (SS kg/hr 2 2 2
Other Sugars (SS) ka/hr 2 2 2
Cellobiose (SS) ka/hr 3 3 3
Glucose Oligomers (SS ka/hr 14 14 14
ka/hr 5 5 5
ka/hr 7 7 7
Corn Steep Liquor (SS) ka/hr 0 4 4 4 996 996 996
Others (Soluble Solids) [ka/hr 74 74 74
Acetic Acid kg/hr 1 1 1 1 21 21 21
ka/hr 0 0 0 2 2 2
Ka/hr T 0 2 2 0 0 0
ka/hr 0 0 0 0 0 0 0
ka/hr 65,570 65570 | 65570
kg/hr_| 3 3 3
ko/hr | 984 | 1,243 | 59,411 | 61638 | 61,638 | 10,273 10,273 | 10,273
ko/hr | 3,702 | 4,677 | 197,324 | 205703 | 205,703 | 206,283 206,283 | 206,283
ka/hr 0 0 0 0 402 402 402
Cellulose (IS) kg/hr 14 13 14 0
Xylaq (1S) kg/hr 4 4 4 0 | Eq. No. | Equipment Name: | Rea| Spare [Equipment Type | Mat Const.
gfab'“g” 'SP‘ B ‘EQ;‘ 8 F-801_|Burner Combustion Air Preheater | 1 MISCELLANEOUS
Crtel\ﬁlras: g olymers y /:: & Combustion Gas Baghouse T FABRIC-FILTER AZ85C,FABRIC
[Biomass (5) kp/hr 0 | s | NATIONAL RENEVABLE
kg/hr 10 9 10 0 _% REL ENERBY LABIRATIRY
ka/hr 142 14C 142 2 [] L/ o and
kg/hr 28 27 28 0 Dariar C_
kag/hr
Others (Insoluble Solids) _[kg/hr 4347 | 4290 | 4342 52 BDI NG
Enthalpy Flow (millions’ Kcal/hi -0.6 -0.2 -10.9 -11.7 0.2 -347.1 -12.0 -359.0 -347.0
Average Densi Jmi_| 0.0011 | 0.0036 | 0.0012 ] 0.0012 | 0.0007 | 0.0407 | 3.1415 | 0.0409 | 0.0012 Ry 102031xis | PFD-P110—A801 | B




T-828
ABD3

TO BLOWDOWN

PURCHASED CH,

Gaturabed Btewn

S ® & @

T-6048
ANAEROBIC BIOGAS
C-614
> AGD2
DIGESTOR SQLIDS
P-313
ASD4
EVAPORATOR SYRUP
> AS05
LIGNIN
H-BO1

> ABO1
PREHEATED:
CONBUSTON AR
M-834
> ABD4
PHOSPHATES
P-518

E—501 EVAPORATCR

®©

A4

T—B28 DEAERATDR
ABD3

©

0

ELECTRICITY

PLANT LISERS

EXCESS TO

©

M-202_PRETREATMENT REAGTOR
AZ01

GRID

|
@ g

M-B11
I A A
| LP Sown VIP v |
|
o
| P Stoan Vocssn Sieom M
|
i P
|
Ll w_ _—

P-Bi1

©

©

H-50T BEER COL. REBUILER

@

@ H-502 RECT. COL. REBOILER

M—-810 WATER STERLIZATION
ASD3

! H-301 SACCHARIFICATION

> 803

BOILER FEED WATER

[COVPORNENT ONTS | 531 7T B 2] £ BOAB 04D BI2 B2 T3A | 5136 17 TS BI5A T5F B0 BIOA T T B0 50
[Total Flow Kghr | 39.0: 24075 74 TE B4, 21F | 271,000 | 355,828 | 184,771 | 14,24C | 100,485 | 100,485 | 37,234 8 X X ‘ X T7I5 | 14,240 T 7858
insoluble Solids % 24% | 48.3% | 0.0% | 30.0% | 26.5% | 0.0% 13% | 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% 0.0% | 0.0% | 0.0% | 0.0% | 00% | 0.0% | 0.0% 0.0%
Soluble Solids % 25.8% | 4.9% | 00% | 01% | 14.8% | 00% | 03% | 0.0% | 00% | 0.0% | 0.0% | 00% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0%
Temperature T o4 38 35 21 55 204 278 510 768 139 177 768 164 64 76 76 76 309 190 25 115
Pressure am 021 3.20 T.00 1.00 T.00 01 007 8606 | 1300 | 9831 | 9763 | 1300 | 4.42 7.4 0.10 0.10 220 | 9626 | 1232 100 168
Vapor Fraction 0.00 0.00 1.00 0.00 0.00 1.00 0.99 1.00 1.00 0.00 0.00 1.00 1.00 1.00 0.87 0.00 0.00 0.00 0.00 1.00 007
[Ehanal kgt 0 3 0 0 3 0 0
Water Ka/hr 23957 | 19,783 28 152 43,893 | 3,661 67,617 ] 184,771 | 14,240 | 190,485 | 190,485 | 37,234 | 95,287 | 16,665 | 16,486 | 16,486 | 16,486 | 5,715 | 14.240 2,858
Glucose (SS) kg/hr 57 6 63 1
Xylose (SS) kg/hr 629 70 0 699 7
Arabinose (SS) kg/hr 150 17 167 2
Other Sugars (SS) kg/hr 176 20 196 2
Cellobiose (SS) kg/hr 249 28 277 3
[Glucose Oligomers (55) | _ng#;r 1,282 144 1426 7
[ose Oligomers /T Lz 50 207 5
[Other Oligomers (SS) | Ka/hr 67T 75 776 7
[Com Steep Liquor (SS)__| Ko/t 997 0 0 007 7 I95
€S (Soluble SoNds oMr_|_6,628 733 7372 7T
[Acetic Acid Kot | 1,75 363 0 0 2,120 T 7T
[Sumtaric Acid Ra/hr T0 T TI8 0 7
[Furfarar Ra/hr B 0 0 T 0
B Ra/r 0 T T 9 T 0 0
[Carbon Dioxide Kg/hr 273 0 0 T5,57C
[Methane Kot 327 0 0 3 ]
Oxygen g/nr [ 0 0 0 G163 | 10.27%
[Nitrogen lila T 0 0 T 05,703 | 206,25:
[Others Ramr | 2.84 768 0 0 3,315 0 70,
[Cellulose (15) Ra/hr 0 T.337 T.358 7
Xylan (IS) kg/hr 7 730 237 7
Arabinan (IS) Kg/hr T 60 61 T
Other Sugar Polymers (1S) | kg/hr T 2 73 T
Cellulase (IS) kg/hr 244 325 568 6
|Biomass (i) kg/hr 0 0 65 65 T
Zymo (IS) kg/hr 308 544 952 10
Lignin (IS) kg/hr 214 13,967 14,181 142
Gypsum (IS) kg/hr 0 27 28 28
Ca(OM)2 (IS) Kg/hr
Others (Insoluble Solds) | kg/hr 69 4,528 4,597 4,342
|Entﬁapy Flow (millions; Kcai’ﬁ'r] -88.4 -136.2 -1.0 -0.6 -225.2 0.2 -347.1 | -554.1 -44.2 -699.8 -692.4 -115.6 -300.3 -52.5 -53.9 -62.1 -62.1 -19.9 -51.6 0.0 -155
|Average Density g/iml 1.0845 | 1.3326 | 0.0009 | 1.1481 | 1.2092 | 0.0007 | 0.0407 | 0.0259 | 0.0055 | 0.9320 | 0.8963 | 0.0055 | 0.0023 | 0.0023 ]| 0.0001 | 0.9898 | 0.989 0.6925 | 0.8763 | 0.0007 | 0.0010

©

‘v' M-503 MOLE SIEVE

M—202 PRETREATNENT REACTOR

T-Ba4
ABD3

H—801
ASD1

TO CONDENSATE TANK
T-804

ABD3

TG COMBUSTION PREHEATER

TO CONDENSATE TANK

Heat Stream No. MMkcal/hr Work Stream No. kw

OBOILER 118.35| |WKNET -18747.49

QH811 -0.64| |wWP811 3.89

QMB811 822 |WPLANT 17.68]
WTOTAL 65.14]

Eq. No.|Equipment Name Req.|§pare Equipment Type Mat Const.

H-811 |BFW Preheater 1 SHELL-TUBE SS304

M-803 |Fluidized Bed Combustion Reactor 1 MISCELLANEOUS _|CS

M-811 [Turbine/Generator 1 STEAM-TURBINE

P-811 [Turbine Condensate Pump 2 CENTRIFUGAL SS304

]

NATIGNAL RENEVABLE
ENERBY LABORATORY

Omntwr For Fusis Asd

Owa

SECTION ABRCO
COMBUSTOR AND TURBOGENERATOR

ferem

0203 | pFD-P110-ABOZ | B




M-811
> AB(2 @
T <.|> VENT TC M'MOSPHgE
©

ASQ2

PR(XT&EYATER
S | o A

WN%S&S{?ENSATE Q,

FROM RECTIFICATION REBJILER T-B28 M-803
H-501 @ ] — T-3D4 ABQ2

> A501
|_,_ T-B26 BOILER BLOWDOWN

FROM Bﬂ%EWILER T_g34

WATER STERILIZER 1l
M-503 @ S BAD
FROM MOLE SIEVE SUPERHEATER WWT
H—811 P-BA 0
501 < @
H-811
P-R34
FROM BOILER PREHEATER AS04 PR ABGZ
M-831 FROM EVAPORATOR
> 2804 P_8286 TO BFW PREHEATER
H=-301 —x
ANMONIA
M-830 A302
FRON_SACCHARIFIGATION
[ 593 | 595 T %0 BIT TIA | BIIB T2E | BT BT TSA | BIGA | 82T 8723 86T Heat Stream No. MM kcallhr Work Stream No. KW
B.164 | 65,505 B2T | 54,456 | 119,364 | 173,820 [ 100,485 | 190,48¢ | 16,665 | 16,486 | 5,715 | 14,240 | 4858 WPB04 3049
00% | 0.0% | 00% | 00% | 00% | 00% | 00% | 00% | 00% | 00% | 00% | 00% | 00% | 0.0% WPE2A 1144
00% | 0.0% | 00% | 00% | 00% | 00% | 0.0% | 00% | 00% | 00% | 00% | 0.0% | 00% | 0.0% W25 1507
2% 28 28 75 TS 87 T37 T39 ToF 75 309 T9C 5 -
747 | 447 | 442 | 340 | 170 | 340 | 3.30 | 330 | 9831 | 44z | 420 | 962 | 1232 | 1.68 WP828 180
|\/apor Fraction 0.00 | 000 | 0.00 | 000 | 0.00 000 | 000 | 0.00 | 000 | 0.00 | 1.00 | 0.00 000 | 000 | 0.00
Ethanol kg/hr
Water kg/hr | 9,490 | 8,164 | 65505 | 621 | 54,456 | 119,364 173,820 190,485 | 190,485 | 16,665 | 16,486 | 5,715 | 14,240 | 4,858
TCIUcose (55) g/mr
XyIoSe (S0, g/nr
Arabinose (50, g/nr
er sSugars q/mr
Cellobiose (55 armr
Glucose Oligomers (SS)  [kg/hr
Xylose Oligomers (SS) kg/hr
Other Oligomers (SS)
SS)
g/mr
Acetic Acid g/nr
Sunurnic Acid g/nr
urfural a/hr
armr Eq. No.|Equipment Name Req [Spare| Equipment Type Mat Const.
Carbon Dioxide M-820 [Hot Process Water Softener Systen| 1 PACKAGE
P-804_|Condensate Pump 2 CENTRIFUGAL SS316
P-824 |Deaerator Feed Pump 2 CENTRIFUGAL SS304
m P-826 |BFW Pump S CENTRIFUGAL SS316
g P-828 [Blowdown Pump 2 CENTRIFUGAL [
mmcse( ) 9’:’ T-804_|Condensate Collection Tank T VERTICAL-VESSEL [A285C
%EWUS) Sl T-824_|Condensate Surge Drum 1 HORIZONTALVESS|S5304
gmr T-826_|Deaeratol T HORIZONTAL-VESS|CS,SS316
T-828 |Blowdown Flash Drum 1 HORIZONTAL-VESS[CS
] ECSOIRTER L3 NATKINAL RENEWABLE
ENERBY LABIRATIRY
fEmem—lr (Hma RN
g/hr For And
Ot EY insoluble Solids, g/hr EE:-”ON ASDO
[Others {Insoluble Solids) |
347 | 290 | 2P0 | 23 | 2063 | A4LE | B47T 7004 | 6998 | 525 | 621 | 198 | B5I6 | -I8C BOLER FEEDI WATER PREFARATION
| D [ 08653 | 08653 | 0.8653 | 0.8653 | 0.9970 | 0.9467 | 0.9570 09283 | 0.9320 | 0.0023 | 0.9899 | 0.6925 | 0.8763 | 0.9466 v 102031.xIs PFD—-P110—-A803 B




T-024

AB

LKQUID AMMONIA

TO DEAERATOR
T-R26

A8

CONDENSATE

CONDENSATE

CONDENSATE PHOSPHATE

(DUMPED FROM BAGS)

TQ DEAERATOR

M—803
A8D2

T-830
M-430 M-832
HYDRAZINE
P-B30
ENCLOSED IN SHED
COMPONENT UNITS
Total Flow ka/hr
Insoluble Solids %
Soluble Solids %

Temperature C
| Pressure atm

Vapor Fraction
Ethanol kag/hr
|?glhr

Water

Glucose (SS) ka/hr
Xylose (SS) ka/hr
Arabinose (SS; kg/hr

Cellulose (IS kg/hr
Xylan (IS ka/hr
Arabinan (IS) ka/hr

Other Sugar Polymers (IS) [kg/hr
Cellulase (IS ka/hr
Biomass (IS) kg/hr
Z

kg/hr
ka/hr
ka/hr

Ca(OH)2 (IS) ka/hr

|| Others (Insoluble Solids) |ka/hr

Enthalpy Flow (millions Kcal/ht
Average Densit g/ml

TO BOILER

D3

D3

Heat Stream No.

MM kcal/hr

Work Stream No. kw

WM830

10.00]

WM832

10.0C]

WM834

10.0C]

\WP830

0.02|

Eq. No.| Equipment Name

Req| Spare]

Equipment Type Mat Const.

M-830 | Hydrazine Addition Pkg. PACKAGE
M-832 | Ammonia Addition Pkg PACKAGE
M-834 | Phosphate Addition PKg. PACKAGE

P-830 | Hydrazine Transfer Pump

CENTRIFUGAL CS

T-830 [Hydrazine Drum

REEERR

VERTICAL-VESSEL |SS316

la/mhr |

| nx | MATIONAL RENEVABLE
Ham | O"Q;L ENERGY LABORATORY

Omntar For Fesls Asd

HOILER ?’EEBD‘”A'ﬁEIQOCHEMICALS

102031.xIs

| PFD—F110-A804 [ B




INSTRUMENT AR
EVAPCRATION
TO DISTRIBUTICN
PRDCESS
. T0 ATMOSPHERE
WNDASE
TO ATMOSPHERE
cwi
& CWS HEADER > AR INTAE
| 5904
OHS. USERS -804
H-200 H-BO4 —| TO PLANT
H-205 H-D0o
H-244 H-B17
@ F-201-34 N-503 AR SYSTEM
H-3004 oz M—B04 . §-208
H-310 e \Z
302 N-En
fEupplomaontod by wed wotor TG PREHYDROLYSIS 5/L SEP
*Start—up orly 5-600 PLANT AND INSTRUMENT AR S-605
BT > s\ @ AGD5
CUOLING WATER SYSTEM BLOWDOWN TO WT TR T0 S/L SEF

COMPONENT UNTS | 259 559 940 941 942 944 945 949 Heat Stream No. MM keal/hr \Work Stream No. kW
Total Flow kg/lhr | 4,687 | 5021 |12,256,009| 158,828 | 9,330 | 14,430 | 12,256,900 | 135,059 OCWCAP 102.94] [WM902
Insoluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% e
Soluble Solids % 0.0% | 00% 0.0% 0.0% | 00% | 0.0% 0.0% 0.0% WEEA
Temperature C 40 40 37 28 28 28 28 28 WS904
Pressure atm 9.51 9.51 4.08 1.00 1.00 1.00 4.08 0.04

Vapor Fraction 1.00 1.00 0.00 0.00 0.00 0.00 0.00 1.00

Ethanol kag/hr

Water IFg/Fr 12,256,909] 158,828 | 9,330 14,439 | 12,256,909 [ 135,059

Glucose (SS ka/hr

Xylose (SS kg/hr

Arabinose (SS) ka/hr

kglh
kg/h
kg/hi
tg;: Eq. No.|Equipment Name R
kg/h
kg/h

eq| Spare [Equipment Type Mat Const.
|gi):méz: : 3978043 ig?g M-902 |Cooling Tower System 1 INDUCED-DRAFT FIBERGLASS
Others r * * M-904 | Plant Air Compressor 2 T[CENTRIFUGAL
(S) P-902_]Cooling Water Pump 1 1/CENTRIFUGAL &S]
§i‘;“n'°j§} 1S Itg;m S904_|Instrument Air Dryer T T|PACKAGE CS
Arabinan (IS ka/hr T-902_|Prehydrolysis Filter Air Receiver 3 HORIZONTAL-PRES{CS
Other Sugar Polymers (IS) [kg/hr T-904 |Plant Air Receiver 1 HORIZONTAL-VESSHCS
IS ka/hr T-905 |Product Recovery Filter Air Receivd 4 HORIZONTAL-PRES{ CS
ka/hr
NATIGNAL RENEVABLE
kg/hr
gy 0 Ni=L SO LERTR
I ka/hr Dantar For Fusis Asd
ez (9 kg SECTION ASCO
|[Others (Insoluble Solids) [kg/hr: NG WTR PLNT & INST AIR 5Y5

Enthalpy Flow (millions) _|Kcali] 00 00 | -46287.8 | 6011 | -353 | 546 | 463007 | -4328
Average Densit g/ml_] 0.010€ | 0.0106 | 0.9819 | 0.9906 | 0.0906 | 0.0906 | 0.990€ ] 0.0000 3 102031.xls |F‘FD—F11|]—ABO1 B




H-300
A302

T-512
@ ASQ2

SCRUBBER

WELL WATER RECEIVING

P-616
ABQ2

(e

TREATED WASTE WATER

P-514
AsQ4

EVAPORATOR CONDENSATE

T-a14

T-824
ABQ3 >
BOILER FEED» WATER MAKEUP

F-301-5

A3D1 >

TO SEED PRODUCTION

A5 >

TO NIX W/RECYCLE WATER

M-810

4903 >

STERILIZATION WATER

M-802

A801 >

COOLING TCWER MAKEUP

577 524 BIT 0% 905 906 94T 943 [Heat Stream No. [MM keallhr T [Work Stream No. Tkw |
T0Z579 | 95.805 | 54,4506 | 186,640 | 263,552 | 145 | 158,828 | 96,281 | | | |wpo12 | 20.85|
00% | 0.0% | 00% | 00% | 0.0% | 00% | 00% | O.0% L | | Twpoia I 58.67|
0.0% | 0.1% | 00% | 00% | 0.1% | 0.0% | 00% | 0.0%
20 21 26 26 3B 20 28 26
1.00 .00 | 3.40 1.00 1.00 1.00 1,00 1.00
0.00 0.0C 0.00 0.00 0.0C 0.00 0.00 0.00
T 52
TOZ579 | 95,658 | 54,450 | 186,640 | 262,624 | 145 | 158,828 | 96,281
Xylose (SS) 0 0 0
Arabinose (55, 0 0
0 0
[ 79 75
ACETic Acid 540 3 543
Sulfuric Acid 0 0
80 3 83
1 0 1
0 0
0 0
T T
T T
3 58 50
Eq. No.|Equipment Name Req.lgpare Equipment Type Mat Const.
P-912 |Make-up Water Pump 1 1| CENTRIFUGAL CS
o’t:eﬁ'r"g:g:r P —_— amr P-014_|Process Waler Circulaling Pump 2] 1]CENTRFUGAL __[CS
Cellulase (1S) T-914 |[Process Water Tank 1 FLAT-BTM-STORAJQ CS
10mass G| scsnapT [T
T e R T T —— NSl NG ey
ignin g/hr 12 ESIN_ REPRT §am2
[Gypsum 15) Danter For Fusis Asd
SECTION ASOC
| 2658 | 1360 | -396.6 | 3632 | -206.3 | -706.8 | 9936 | 05 [ -60L.I | 3645 PROGESS WATER
09447 | 0.9925 | 0.9983 | 0.9973 | 0.9970 | 0.9925 | 0.98I1 [ 0.9983 | 0.9906 | 0.9925 7] 102031.xIs PFD—P110-A902 B




$-600

P-314
AR02 @

PROCESS WATER

TS [H] e O

|
F-300, T-310

<R> F-3a1-5, T-301

H-501, H-51Z
D-501

E—501, E-502
E—503

%
&

ONITS 906 903 O14 916
g/hr 145 145 63
nsofuble Solids 0 0.0% 0.0% 0.0% 0.0%
oluble Solids % 0.0% 0.0% 0.0% 0.0%
Temperature C 20 121 20 20
Pressure atm 1.00 1.00 1.00 1.00
K?g Fraction 0.00 1.00 0.00 0.00
ianol
[Water
[Glucose (S5)
[XyTose (SS)
[Arabimnose (55)
Other Sugars (SS)
Cellobiose (SS)
Glucose Oligomers (SS)

Heat Stream [Mmkcallhr T TWork Stream No. Tkw |
[QH910 | -0.09] [wWM910 | 257.36]

45 125 T 53

Acetic Acid

Suffuric Acid

Others
Cellulose (IS
Xylan (IS
[Arabinan (15)

Eq. No.| Equipment Name |Rea| Spare]| Equipment Type |Mat Const. |

M-910 | CIP System || |MISCELLANEOUS _|CS
ON;_:_ N LAY
Omntwr For Fusis Asd
SECTION ABO?
T STERILE WATER & CIP/CS SYSTEMS
0.99% | 000 | 0.998 | 0.998 L | 102031.xIs |FFD—F11|]—A90.3 | B




	Appendix F--Process Flow Diagrams



